Pelt size has increased rapidly in the Finnish blue fox population during the last decade. However, average number of pups per mated female has slightly decreased after the mid-1990's. In this study we estimated genetic parameters of litter size in the first two parturitions, age of female at first insemination, and pelt size with a linear multitrait animal model. Heritability of litter size in first and second parturition was 0.06 and 0.10, respectively. Heritability estimate for age at first insemination was 0.15 and for pelt size 0.29. Genetic correlation between pelt size and first litter size was -0.30, between first and second litter size 0.76, and between second litter size and age at first insemination 0.70. Thus, genetic correlation between fertility and pelt size was unfavorable.
Introduction
Main goals in blue fox breeding are to increase litter and pelt sizes, and improve fur quality. Most weight has been given to pelt size (PS) because of its high economic importance (Lohi 2004 , Peura et al. 2004a . Consequently, average PS has increased considerably during the last 10-15 years. While the skin size has increased, the average number of pups per mated female has decreased slightly after mid-1990's. Because genetic correlation between PS and fertility has been estimated only in few studies, correlated change in fertility due to selection on PS is unclear. Peura et al. (2004b) estimated unfavorable genetic correlation between animal size (subjectively graded) and first (-0.40) , second (-0.40) , and third (-0.23) litter size (LS). Lagerkvist et al. (1994) found unfavorable genetic correlation between female kit body weight (measured in September) and kit mortality in the following suckling period. In addition, Peura et al. (2005) estimated high genetic correlation between animal size and pelt size (0.74).
Age of female at first insemination (AFI) indicates age of female sexual maturity. Only few estimates of heritability have been published for AFI in blue foxes. Peura et al. (2004b) estimated heritability of AFI to be between 0.16 and 0.18 for blue foxes. For pigs and dairy cattle, heritability of AFI ranges between 0.11 and 0.32 (Raheja et al. 1989 , Hanenberg et al. 2001 , Muir et al. 2004 . In pig production and in dairy milk production, the main selection goal is to achieve economic benefit by shorter farrowing or calving interval. However, blue foxes are seasonal breeders and come into heat only once a year (Farstad 1992) . Moreover, Peura (2004) concluded that too early or too late heat is associated with smaller LS.
Litter size for blue foxes is recorded usually at whelping, 2 to 3 weeks after whelping, or at weaning. Heritabilities for LS at whelping, at 2 to 3 weeks after whelping, and at weaning have been estimated to be 0.05-0.21 (Nordrum 1993 , Nikula 2000 , Wierzbicki 2004 ), 0.00-0.11 (Nordrum 1993 , Nikula 2000 , Peura et al. 2004b , and 0.21 (Wierzbicki 2004) , respectively. Lagerkvist et al. (1994) estimated heritability of total number of pups born to be 0.09 in minks. For comparison, Serenius et al. (2004) estimated heritabilities to be between 0.07 and 0.11 for different LS traits in pigs.
Pelt and litter sizes along with fur quality are economically the most important traits in Finnish blue fox breeding. In order to define breeding goals properly, heritabilities and genetic correlations for PS and fertility traits are needed. Therefore, our objective was to estimate genetic (co) variances for LS, AFI, and PS. Second objective was to compare genetic parameters and standardized breeding value estimates calculated using different scales for the PS trait.
Material and methods
Pelt size and fertility data were sampled from the Finnish SAMPO register maintained by the Finnish Fur Breeders Association. The sampled animals were required to have a pedigree that gave suitable genetic links between farms. This criterion was fulfilled by selecting data and pedigree information from six farms which belonging to a breeding circle. Only purebred blue foxes were accepted. The sampled pedigree had 53720 animals born between years 1990 and 2002.
Fertility traits
The studied fertility traits were the litter size from first two parities LS1 and LS2, and AFI. Litter size observations from females with 1-20 pups after 2-3 weeks from whelping were accepted. However, LS observations from females mated with more than one male per breeding season were excluded. In order to avoid bias caused by pre-selection, the second litter size was excluded, if the first litter size was missing. Age at first insemination was defined as number of days between the birth and the first recorded mating. Observations before 274 (about 2.5%) and after 367 (about 2.5%) days of age were considered unreliable and were excluded. Table 1 compares the PS measures given in two different transformed scales and the original auction house classes. In Finland, measurement of pelt length is based on automated sorting and measuring equipments (ATE-Applied Engineering Ltd, Finland 2003) . Unfortunately the exact pelt length measure is not recorded. Instead, it is classified into 8 classes denoted by numbers from 3 to 50 (Table 1) .
Pelt size measures
Increase in PS has lead to introduction of three additional classes for very long skins during the last two decades: 30-class in 1988, 40-class in 1997 and 50-class in 1999 . This has had a large impact on proportion of pelts in the longest classes and, moreover, on average length of pelts in these classes. Therefore, two alternative transformation methods for PS were studied. In the first method (PS-FIN), original auction house scale was transformed to five classes from 1 to 5 (Table 1 ). This scale is the one currently used in the Finnish blue fox breeding scheme.
In the second method, denoted PS-DEV, the auction house categories were changed to be mean deviations from class 0 in each year. The distances between the classes were not one as in PS-FIN and were calculated using an assumed distribution of the exact PS measures in each year. The underlying PS was assumed to have a standard normal distribution. Mean deviation within a year for size class j was calculated by formula:
where p j is proportion of pelts in size class j, and or the ordinate of the standard normal density function at truncation point j x dividing the classes j and j-1. The proportions were taken from auction statistics of Finnish Fur Sales Ltd between 1990 and 2002. The mean deviations were transformed to be deviations from class 0 which was set to have value one. Finally, these mean deviations from class 0 were multiplied by 100 (Table 1) .
Statistical methods
(Co)variance components were estimated with multitrait (4 traits) animal model using the DMU program (Madsen & Jensen 2000) that calculates restricted maximum likelihood estimates for variance components. The model was:
where y is vector of observations, b is vector of fixed effects, and c, a and e are vectors of random litter, animal and residual effects, respectively. The fixed, litter, and animal effects are linked to appropriate observations by incidence matrices X, W and Z. Fixed effects for each trait are in Table 2 .
The random effect vectors a, c and e were assumed to be independently and normally distributed with mean zero. In addition, var(a)=G 0 ⊗ A,where A is numerator relationship matrix, and G 0 Auction house sorting system
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is genetic covariance matrix. Litter effects between animals were uncorrelated but correlated within animal between different traits. Thus, litter effects were assumed to be specific environmental effects common to pups of the same litter. Residual effects between animals were assumed to be independent. Residual correlations were estimated between traits within animal except for correlations involving PS. Heritability and the proportion of variation due to litter were calculated as and , respectively, where and are additive genetic, litter environment and residual variances of the considered trait, respectively.
PS-FIN and PS-DEV were compared using standardized estimates of breeding values. The model and assumptions were the same as in the variance component analysis and the variances were the estimates obtained there. Breeding values were standardized such, that animals born in 2000 had mean 100 and standard deviation 10. Average differences in these values were studied by year of birth.
Results
Mean and variation
Because PS is measured for all pups and fertility traits only for dams, number of observations for fertility traits was much less than for PS (Table 3 ). In addition, PS and fertility traits were never recorded on the same animal. Number of females having both LS1 and LS2 was 3418. Similarly, 3418 females had observations for both AFI and LS1, and 1796 females had observations for AFI and LS2.
Mean, standard deviation (s.d.), coefficient of variation (CV), minimum and maximum in LS1 and LS2, AFI, PS-FIN and PS-DEV for the analyzed data are in Table 3 . Average LS2 was about 2.7 pups more than LS1. The standard deviation of LS2 was slightly higher than that of LS1. Nevertheless, the CV in LS1 was slightly larger than in LS2 due to the smaller mean. The difference in CV between LS1 and LS2 is probably due to strong selection after LS1, and maturing of females.
Average AFI was 319 days or about 10.5 months. Standard deviation of AFI was quite low (11.3) which lead to considerably lower CV (0.04) than in other traits (0.28-0.49). Mean PS-FIN was 3.11, and mean PS-DEV was about 212. As expected, CV was larger in PS-DEV than in PS-FIN. Table 2 . Fixed effects in single and multitrait analysis for first and second litter sizes (LS), age at first insemination (AFI) and pelt size (PS-FIN and PS-DEV) in blue foxes.
Population parameters
Estimated heritabilities and proportions of variation of the spesific litter environment for the traits are in Table 4 . Heritability estimate for LS1 was 0.06 and for LS2 0.10. Proportion of litter variation was higher in LS2 than in LS1 (0.09 vs. 0.01). Heritability estimate for AFI was 0.15. Effect of the specific environment for AFI variation was 0.26, which is much larger than its heritability estimate. Heritability Table 4 . Estimated phenotypic variance ( ), effect of common environment within litter (c 2 ), and heritability (h 2 ) with standard errors (s.e.) in first and second litter size (LS), age at first insemination (AFI) and pelt size for PS-FIN and PS-DEV.
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estimates for PS were 0.29, and effects of the specific environment were 0.08 and 0.09, respectively, for PS-FIN and PS-DEV.
Genetic correlations
In the following, only correlations more than 1.96 times their SE will be considered being different from zero. Genetic correlations between PS and LS1 and LS2 were unfavorable (Table 5) . However, only the correlation between PS-FIN and LS1 and between PS-DEV and LS1 can be considered to differ from zero. Genetic correlation between litter size in second parturition and PS-DEV and PS-FIN was -0.13 and was not significantly different from zero. Genetic correlation of AFI between LS1 and LS2 was 0.07 and 0.70, respectively. However, only correlation between AFI and LS2 was considered to differ from zero. Thus, genetically early sexually maturing animals had less pups three weeks after whelping than later maturing animals.
Genetic correlation between PS-FIN and AFI and between PS-DEV and AFI could not be considered to differ from zero. However, there may be weak negative correlation between PS-FIN and AFI and between PS-DEV and AFI.
Genetic trends
Standardized estimates of breeding values show similar trends for LS1 and LS2 (Fig. 1) between years 1992 and 2002. Genetic trend was mainly downward between years 1992 and 1997, and 1999 and 2002 but it was upward between 1997 and 1999. However, over the whole study period the average trend in LS was slightly downward.
During the study period, AFI had a slightly downward trend (Fig. 2) . In other words, according to the genetic trend, first heat became earlier in 2002 than in 1992. Standardized genetic trends of PS-FIN and PS-DEV were identical. Both had a clearly increasing trend throughout the study period.
Transformed auction data
In 1992 some pelts (less than 1%) were sorted to class 3, whereas class 2 was not in use. However, this had only mild effect on breeding value estimation. Transformation of PS had negligible effect on the heritability estimates (Table 4 ) and genetic and phenotypic correlations (Table 5) . Moreover, the same correlations differed from zero in PS-FIN and PS-DEV.
Data transformation had only mild effect on standardized breeding values. Naturally, the largest difference (~0.2 standardized index points) was in PS (Fig. 3) . Also the standard deviation of difference in standardized indices was clearly highest in PS (~1.19 point of standardized index). Transformation of PS had no effects on other traits. Differences between standardized breeding values by different transformation methods within the trait were less than ±0.1 point of standardized index in all traits except in PS. However, differences were slightly larger in LS than in AFI. In general, PS-FIN gave slightly higher breeding value estimates for PS and slightly lower breeding value estimates for fertility traits than PS-DEV. However, correlations between the estimated standardized breeding values within the trait were in all cases more than 0.99.
Discussion Genetic parameters
Heritability estimates of LS were low which agrees with earlier studies (Nikula 2000 , Peura et al. 2004b , Nordrum 1993 . Estimate was lower for LS2 than for LS1. Heritability estimate for AFI was close to estimates by Peura et al. (2004b) for blue foxes, and close to estimates by Raheja et al. (1989) and Muir et al. (2004) for dairy cattle. On the other hand, Hanenberg et al. (2001) had higher estimates for sows (0.32). However, the comparison to results from pigs or cattle is arbitrary since these are nonseasonal breeders. Proportion of litter variation was similar to that in Peura et al. (2004b) . The specific environment that the female pup has together with her litter mates influences AFI in the following production period. Large random litter effect indicates that also genetic maternal effects may be considerable. In the future, it might be reasonable to estimate the genetic maternal effects on AFI. Heritability estimate of PS-FIN was moderate and close to those given by Nikula et al. (2000) and Wierzbicki (2004) . Therefore, selection of PS-FIN or PS-DEV can be expected to be relatively effective. The litter environment during the early growth has clear effect on PS-FIN and PS-DEV.
Genetic correlation between PS-FIN and LS1 and between PS-DEV and LS1 were clearly unfavorable. Peura et al. (2004b) had similar estimates between animal size and LS1. If selection is focused on increasing PS-FIN or PS-DEV it will decrease genetic level of the LS1. Impact on the phenotype may be small, because LS has low heritability. However, to avoid decrease in litter size, breeding values of litter size and pelt size should be estimated by a multitrait model. Correlation between PS-FIN and LS2 and between PS-DEV and LS2 were negligible. However, it is obvious that strong selection of PS-FIN or PS-DEV will decrease also genetic level of LS2. Results are in good agreement with the results by Lagerqvist et al. (1994) for minks. Rekilä et al. (2000) concluded that increase of subcutaneous fat increases PS-FIN. Current breeding value evaluation cannot take into account fatness of foxes. This has two consequences: 1) Fat animals have high breeding value in PS-FIN. Thus, selection of PS-FIN is likely to increase fat growth in foxes, which may increase feed cost per pelt. 2) Fat foxes have to loose more weight before mating season. Animals with high weight loss will have fertility problems in the spring. The problems are likely to be greater for young females than for older females because of more intensive feeding. In the future, proper methods to account for fatness of foxes in breeding value evaluation needs to be studied. Fatness may have large impact on genetic correlation between PS-FIN and litter size.
Genetic correlation between PS-FIN and AFI and between PS-DEV and AFI did not differ from zero. However, Peura et al. (2004b) had slightly higher genetic correlation (-0.20) between animal size and AFI, which supports the conclusion that there might be low genetic correlation also between PS-FIN and AFI and between PS-DEV and AFI. In other words, large females tend to come into heat sooner than small females. Age at first insemination, litter size and animal size constitute an interesting genetic triangle: according to Peura et al. (2004b) , genetic correlation between AFI and LS is about 0.30. Correspondingly, Serenius et al. (2004) estimated positive genetic correlation between sow's age at first farrowing (AFF) and number of piglets born alive (0.26) and between AFF and number of piglets weaned (0.24) for Finnish Large White pigs. However, for Finnish Landrace the corresponding correlations were negative (-0.27 and -0.07, respectively) . Increase in animal size may decrease LS due to unfavorable genetic correlation between animal size and LS. Hence, increase in animal size decreases AFI due to negative correlation, which again decreases LS due to positive genetic correlation between AFI and LS.
Genetic correlation between LS1 and LS2 was high. However, it was clearly less than unity. Moreover, variances of random effects and heritabilities were not equal. In other words, the assumptions of repeatability model (Falconer & Mckay 1996) were not fulfilled. In addition, the heavy weight loss before mating season, discussed above, is likely to be mainly problem of young females. Therefore, LS1 and LS2 should be considered as different traits.
Genetic trends during the study period
Sharp upward trend in the estimates of breeding values for PS-FIN and PS-DEV proves that PS-FIN has had high weight in the selection of breeding animals. High economic importance (Lohi 2002 , Peura et al. 2004a ) and the moderate heritability have lead to substantial increase in PS-FIN during the last decade. However, the genetic change cannot fully explain the large increase of PS-FIN in the Finnish blue fox population. One reason for this increase may be the feeding practices leading to increased fatness of blue foxes.
Blue foxes are traditionally fed almost ad libitum. In Finland, strict environmental regulations have caused pressure to decrease protein and phosphorus content in fur animal feed during the last decade. However, when protein content has decreased, fat content has increased. According to the feed laboratory of Finnish Fur Breeders Association, proportion of energy from protein and carbohydrate in the total metabolic energy has slightly decreased (~0.11 and ~0.37 percentage-unit per year, respectively) and share of fat in metabolic energy has clearly increased (~0.5 percentage-unit per year) in feed between 1992 and 2002. At the same time, average amount of metabolic energy in feed has slightly increased (~9.3 kcal per kg DM per year, Finsk Pälstidskrift 1994 Pälstidskrift -2004 . This may have accelerated the upward trend in PS. There might also be genotype by environment interaction on PS at different fat content levels.
Direction and magnitude of genetic change in LS1 and LS2 has varied greatly between 1992 and 2002. However, LS1 has mainly decreased. Although the unfavorable genetic correlation between PS and LS seemed low, the high selection weight on PS has prevented genetic improvement in LS.
Breeding values are not estimated for AFI in the current Finnish breeding scheme for blue foxes. However, most farmers make phenotypic selection according to AFI. In the future, it might be justified to include AFI in multitrait breeding value evaluation to support improvement in traits with economic importance. For example, there was slight downward trend in AFI during the study period, which is probably due to low negative genetic correlation between PS and AFI.
Effect of transformation
The effect of alternative transformation on PS (PS-DEV) was negligible. As expected, transformation affected only breeding value estimates of PS. Currently used scoring (PS-FIN) seems to give slight overestimation of breeding values of PS (Fig  1) and slight underestimation of breeding values of LS. The overestimation is probably caused by overestimation of the length of pelts in the class with longest pelts. Moreover, the underestimation is probably caused by negative genetic correlation between PS and LS. However, implications for practical breeding value evaluation are negligible. The small effect of transformation is probably due to quantitative nature of the trait also in the Finnish Fur Sales size classes. Figure 3 illustrates effect of including the new size class in auction seasons 1997 -1998 and 1999 -2000 . During season 1996 -1997 , the pelts longer than 124 cm were assigned to class 30, but in season 1997-1998 they were classified to class 40. Similarly, pelts longer than 133 cm were assigned to class 40 in season 1998-1999, but in season 1999-2000 they were put into a class 50. This diminished the difference in standardized breeding values between FIN and TRANSF in 1997 and 1999 . The effect was larger in 1997 because the proportion of class 30 decreased within one auction season from 59% to 44%. In 1999, the change was not as dramatic.
Conclusions
There was unfavorable genetic correlation between PS-FIN and LS1 and between PS-DEV and LS1. There has been high selection pressure to increase PS-FIN. This has substantially increased PS-FIN and may have decreased LS1 and LS2 between 1992 and 2002. In the future, breeding value evaluation of PS-FIN and LS should be carried out simultaneously using a multitrait model. Inclusion of AFI in this multitrait breeding value evaluation to support improvement of traits with economic importance may be reasonable.
Transformed auction house observations (PS-DEV) and currently used data (PS-FIN) gave nearly similar estimates of genetic parameters and standardized breeding values. Use of PS-DEV instead of PS-FIN had negligible effect on genetic parameters and standardized breeding value estimates of PS, LS1 and LS2 and AFI. Thus, the current data transformation method for PS (PS-FIN) is acceptable. However, effect of data transformation method on other studied pelt character traits needs to be studied.
